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CHEMICAL QUALITY OF GROUND WATER 
IN THE WESTERN OSWEGO RIVER BASIN, NEW YORK 


By 


Leslie J. Crain 


ABSTRACT 


The Western Oswego River basin is an area of about 2,600 square miles 
in central New York. Within the boundaries of the area is all the drainage 
into (1) the four largest Finger Lakes (Cayuga, Seneca, Keuka, and Canandaigua) 
and (2) that section of the New York State Barge Canal between a point just 
west of Macedon and a point about 4 miles east of Montezuma. 


The basin is split between two physiographic provinces, the Central 
Lowland (in the northern part of the basin) and the Appalachian Plateau (in 
the southern part of the basin). 


The geology of the basin generally consists of glacial deposits over- 
lying bedrock of Silurian and Devonian age. The bedrock consists of shale, 
siltstone, and sandstone, in the sQuthern half of the basin, and limestone, 
dolomite, and gypsiferous shale in the northern half. 


The dissolved-solids concentration of precipitation in the Western 
Oswego River basin is about 10 mg/l (milligrams per liter), whereas that of 
overland flow and high streamflow generally ranges from "SO to 300 mg/l. 
Water from the shale, siltstone, and sandstone unit, the Onondaga Limestone, 
and the Lockport Dolomite has a median dissolved-solids concentration of 
less than SOO mg/l. All these formations except Lockport Dolomite have 
calcium bicarbonate type water; this dolomite has calcium and magnesium 
bicarbonate type water. Water in the Camil1us Shale, Vernon Shale, and 
Silurian carbonate rocks is of the calcium sulfate type and has a median 
dissolved-solids concentration greater than 1,600 mg/l. 


The dissolved-solids concentration of the water commonly tapped by 
wells in the southern half of the basin generally ranges from 150 to SOO 
mg/l; in the area north of the outcrop of the Onondaga Limestone, it gener- 
ally ranges from SOO to more than 1,000 mg/l. Highest concentrations were 
found in deeper wells and in the low-lying areas that are points of ground- 
water discharge. 


Major constituents in the ground water in the northern half of the 
basin are calcium and sulfate. High chloride concentrations (more than 2S0 
milligrams per liter) are found in deeper wells throughout the basin and in 
the shallow ground water near the Seneca River and the New York State Barge 
Canal. 


Heavy pumping in the northern part of the basin is likely to result 
in a deterioration of the chemical quality of the water except in those 
areas adjacent to the New York State Barge Canal, where better quality water 
may be induced to replace that pumped. No major ground-water quality prob- 
Jems are anticipated in the southern half of the basin. 



INTRODUCTION 


The chemical qual ity of ground water in the Western Oswego River basin 
has a great effect on the quantity of water that actually is available for 
development. Water having a high dissolved-solids concentration may be 
unsuitable for human consumption, irrigation, or certain industrial uses. 
High concentrations of certain constituents such as chloride, sulfate, ni- 
trate, iron, or fluoride may cause color, taste, or even health problems. 
Therefore, even though certain areas of the Western Oswego River basin are 
underlain by large ground-water reservoirs, much of this water may be un- 
usable, or suited ,to few uses, because of its poor chemical quality. 


Purpose and Scope 
This report presents the results of a study of chemical quality of 
ground water in the Western Oswego River basin. The study was made by the 
U.s. Geological Survey in cooperation with the New York State Department of 
Environmental Conservation for the Cayuga Lake Basin and the Wa-Ont-Ya Basin 
Regional Water Resources Planning Boards. The purpose of the study was to 
determine (1) qual ity of water available for ground-water recharge, (2) 
changes-in quality of water under the land surface, (3) quality of ground 
water both areally and with depth, and (4) effect of development on quality 
of ground water. The report should be useful in regional planning and 
management of water resources of the study area. 


"Natural" chemical quality of ground water is emphasized in this re- 
port. Addition of chemical constituents, through man's activities, is 
discussed only where the constituents have masked the natural quality on 
a regional basis. Local areas or sources of pollution are not within the 
scope of this report. 


Water-Quality Problems 


Taste, odor, dissolved-sol ids concentration, and ha'rdness of water 
were some of the ground-water problems for approximately 25 percent of the 
water wells inventoried "in the Western Oswego River basin. Severity of 
these problems ranged from mere annoyance to unfitness of water for use. 


Most of the northern one-half of the basin is underlain at depths less 
than 100 feet by water whose dissolved-solids concentration exceeds 1,000 
mg/l (milligrams per liter) and whose sulfate and (or) chloride concentra- 
tions exceed 500 and 250 mg/l, respectively. The principal dissolved 
chemical constituents are calcium" sodium, bicarbon
te, chloride, and sul- 
fate. Because of the widespread occurrence of poor-quality water in the 
north, owners, communities, and industries are either using water that 
would not be considered acceptable in other areas or importing water from 
long distances. In certain parts of the area, lack of good-qual ity water 
has hindered the economic growth because people and industry tend to locate 
where large amounts of high-quality water are readily available. 
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Definition of occurrence and location of water of good versus poor 
quality is needed to guide deve10pment of the Western Oswego River basin. 
Also, developers of ground-water supplies should strive to prevent en- 
croachment of poor-quality water into aquifers containing good-quality 
water; and where possible, they should try to induce the infiltration of 
better quality water into the ground-water reservoirs. 


Location of the Area 


The Western Oswego River basin, as defined in this investigation, 
consists of about 2,600 square miles in central New York (fig. 1). The 
boundary of the basin is not based entirely on drainage divides because 
the New York State Barge Canal (also called Erie Barge Canal) transports 
water through several different river basins. The boundaries of the 
study area were selected to include all the drainage into (1) the four 
largest Finger Lakes (Cayuga, Seneca, Keuka, and Canandaigua) and (2) 
that section of the Barge Canal between a point just west of Macedon 
and a point about 4 miles east of Montezuma (fig. 1). 


Physical Setting of the Area 
The physical features of an area have a great effect on the hydrology, 
which in turn affects the ground-water quality. Therefore, a brief dis- 
cussion of these features follows. The basin is spl it between two physio- 
graphic provinces that have been termed Central Lowland and Appalachian 
Plateau by Fenneman (1938). Physical features of the basin and the approx- 
imate boundary between the two provinces are shown in figure 2. 


Central Lowland 


The Central Lowland province consists of the entire northern part of 
the basin, which extends from the northern boundary of the basin to approx- 
imately the latitude of the northern ends of Canandaigua, Seneca, and Cayuga 
Lakes (fig. 2). The term "lowland" may be slightly misleading. Although 
the dominating feature of this area is a relatively flat surface that rises 
from an altitude of about 400 feet in the north to 600 feet at the southern 
boundary of the province, several features have been superimposed on it. 
The most striking of these features are the numerous elliptical hills called 
druml ins that rise to heights of 200 to 300 feet above the surrounding plain. 
The drumlins, which are most prevalent in the northern part of the province, 
were formed by the deposition of unconsolidated material by glacial ice that 
once moved across the area. In the south, low, long, parallel ridges or 
drumlin-shaped hills are dominant. These features give the area an undulat- 
ing appearance. Farther south, the ridges in turn give way to an area of 
1 ittle relief, which extends to the southern boundary of the Central Lowland 
province. 
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Figure 1.--Location of the Western Os we go River basin. 


Because of general1y 10w gradients and poor drainage, many 1arge and 
sma11 swamps have formed in the region. Most of the streams in the pro- 
vince are sma11, s1uggish, and wind around the drum1ins and the ridges. 
The 1argest streams are the 1ake outlets. The majority of the small streams 
and the lake out1ets are intercepted by the Barge Cana1, which flows across 
the area from west to east and, in genera1, fol10ws the path of an 01d 
g1acia1-stream channe1 that near1y bisects the 10w1and. The flow of the 
Barge Cana1 downstream from its junction with the Seneca River near Montezuma 
represents the entire surface-water discharge from the basin. 
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Appalachian P
ateau 


Southward from the Centra1 Lowland, the Appalachian Plateau rises 
gradually into rolling hills and uplands divided by broad valleys (fig. 2). 
The hil1s and the uplands in this province reach a maximum altitude of 
about 2,100 feet in the southern part of the basin; they are dissected by 
many small, steep-sloped stream val1eys. 


The most impressive and unusual features of the plateau are the long, 
deep va11eys containing the four large Finger Lakes. These lakes lie in 
ancient stream valleys that were modified and deepened by glacial erosion. 
Three of these lakes, Canandaigua, Seneca, and Cayuga, extend from near 
the Central Low1and, where re1ief along the shores is low, southward in the 
Appalachian P1ateau where the surrounding hil1s reach altitudes of as much 
as 1,]00 feet above the lake surfaces. The va11ey walls along the lakes 
are smooth, except for the deep gorges formed by small streams draining the 
uplands. The lakes themselves are deep. Seneca is more than 600 and 
Cayuga more than 400 feet in depth. Although the depth of fill under the 
lakes is unknown, the actua1 relief of the bedrock surface in the area may 
be 3,000 feet. 


Stream drainage throughout the Appalachian Plateau province is gener- 
al1y good, and most of the streams have steep gradients. Except for Mud 
and F1int Creeks, the major drainage courses are occupied by the Finger 
Lakes. Streams flow only in tributary valleys. The 1akes, because of 
their large surface areas and great depths, provide some of the 1argest 
v01umes of water storage in the State. 


Geologic Setting of the Area 


The minerals in the rocks and their susceptibility to weathering and 
solvent action have a direct bearing on the chemical quality of the water 
of the area. Therefore, know1edge of the geology of the basin is important 
to understanding the areal variations of the chemical composition of the 
ground water. 


For simplicity of discussion, rocks of the basin have been divided 
into two general types: (1) bedrock (consolidated rocks) and (2) uncon- 
solidated deposits that nearly everywhere overlie the bedrock. 


Bedrock 


The bedrock underlying the area consists of shale, siltstone, sand- 
stone, limestone, and dolomite; some of these units also contain beds of 
gypsum and salt. These rocks occur as recognizable layers, or beds, rang- 
ing from less than an inch to severa1 feet in thickness. A brief discussion 
of the history and the physical character of these rocks is he1pful in under- 
standing why they occur where they do and why their composition varies as 
it does. 
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The bedrock originated from sediments such as clay, silt, fine sand, 
and calcium carbonate that were deposited in seas duri
g the Devonian and 
the Silurian Periods, approximately 350 to 440 million years ago. These 
sediments accumulated to tremendous thicknesses. Arid conditions prevailed 
at times during the Silurian Period, and the seas shrank in size and partly 
dried. As the minerals in the sea water ,became more concentrated, salt 
and gypsum were precipitated. Eventually, all these sediments were indu- 
rated into rock. After a period of time, the rocks were uplifted above the 
sea and were partly eroded. In some parts of t'he area, gentle folding or 
faulting of the rocks has vertically displaced the beds on opposite sides 
of the fault. Today, the beds of rock are tilted and generally dip 50 feet 
per mile to the south. These rock units crop out at the land surface in 
east-west belts as shown in figure 3. As one travels from north to south 
through the basin, progressively younger rocks are exposed at the surface 
and older rocks are buried deeper and deeper beneath the younger rocks. 


The bedrock can be divided into-recognizable units, or formations, on 
the basis of age, composition, and physical appearance. None of the for- 
mations has uniform composition and character. In fact, great differences 
may be found within each formation. Figure 4 is a generalized section of 
the bedrock in the Western Oswego River basin. Thickness and composition 
of the rocks vary from those shown in .figure 4 in any given area of the 
basin. For example, the Lockport Dolomite is not just dolomite but con- 
tains extensive beds of limestone and shale. Likewise, the Camillus Shale 
contains beds of limestone, salt, and gypsum. 


For hydrologic purposes, the bedrock formations in the basin may be 
grouped in three general classes: (1) shale, siltstone, and sandstone, 
(2) carbonate rocks, and (3) gypsum- and salt-bearing shale. 


Shale, siltstone, and sandstone .--These types of rocks are represented 
by the Java, West Falls, Sonyea, and Genesee Formations, and the Hamilton 
Group shown on figures 3 and 4. Shale, siltstone, and sandstone are primar- 
ily grains of silicate minerals cemented by either silica (Si0 2 ) or calcium 
carbonate (CaC03). These rocks include some thin beds of carbonate rock, 
of which the Tully Limestone is the only notable formation. Although the 
limestone beds affect the chemical quality of the water in the rocks, they 
have 1 ittle effect on the occurrence of the water. Thicknesses of individual 
beds are dependent to a large degree on rock type. Shales are generally 
thin bedded; they fracture and crumble easily in exposures. Siltstones and 
sandstones are generally more massive and resistant to erosion than shales. 
Where they are interbedded with shales, they generally protrude from expo- 
sures. Locations of water-bearing openings in any of these rocks, however, 
are similar. The principal openings are along the bedding planes and joints, 
which are fractures transverse to the bedding. The rocks are solid, except 
for the paper-thin fractures along bedding planes and joints. 


Carbonate rock .--The carbonate rocks in the basin are the Onondaga 
Limestone of Devonian age, and the Akron Dolomite, Cobleskill Limestone, 
Bertie Limestone, and Lockport Dolomite of Silurian age (figs. 3 and 4). 
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Figure 3.--Bedrock geology and general water quality. 
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Figure 4.--Genera1ized section of the bedrock in the 
Western Oswego River basin.. 
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The Akron, Cobleskill, and 'Bertie Formations are thin and, therefore, are 
difficult to identify in the basin. They are di$cussed as the Silurian 
carbonate rocks in this report. 


The carbonate rocks are composed predominately of calcite (CaC03) and 
do10mite [CaMg(C03)2]. The Silurian carbonate rocks also contain beds of 
gypsum (CaS04.2H20). The carbonate rocks genera11y occur in massive beds 
(as much as a few feet thick)" that are strongly jointed. They contain 
water-bearing openings along bedding planes and vertical joints. However, 
because the rocks are composed of slightly soluble minerals, the original 
openings along joint and bedding planes have gradually been enlarged 
through solution. Many of these openings are several inches wide, and their 
widths are roughly related to the amount of ground water that is moving, or 
has moved, through them. Therefore, where the carbonate rocks are near the 
surface and ground-water circulation is greatest, the rocks may contain large 
openings. Where the rocks are deeply buried, and ground water moves through 
them slow1y or is already saturated with chemical constituents dissolved 
from overlying rocks, the openings may be very small. In fact, openings at 
greater depths in carbonate rock may be as minute as those in shale, silt- 
stone, and sandstone. 


Carbonate rocks are strong and generally can bridge the voids or so- 
lution openings. Howevar, if solution' removes an exceptiona11y large 
volume of rock, the overlying beds may collapse and cause depressions in 
the land surface called sinkholes. Many small sinkholes were observed in 
the zone of carbonate rock outcrop southeast of Seneca Falls and northeast 
of Cayuga Lake. 


Gypsum and salt-bearing shale .--The Camillus and Vernon Shales (figs. 3 
and 4 ) both contain extensive beds of gypsum and salt. Sodium chloride (table 
salt) is very soluble in water and has been entirely dissolved from these 
rocks in the areas where they crop out, but does occur-south of the outcrop 
area where the rocks are deeply buried. Gypsum (CaS04.2H20) is also very 
soluble, by comparison with carbonate rock and other bedrock in the basin; 
but it is not as soluble as the salt, and much gypsum still remains in the 
outcrop area. 


Large solution cavities formed in the shales as the salt and gypsum 
were removed. Because the shales are not as strong as the carbonate 
rocks, they generally cannot support the overlying rock when considerab1e 
salt and gypsum" are removed by solution. Therefore, collapse of the 
overlying rocks is common and has resulted in partial filling of some of 
the solution cavities and in additional fracturing of the overlying rocks. 


Uncons01idated Deposits 


Beginning about a million years ago, several continental ice sheets 
invaded New York State from the north. These ice sheets had a very impor- 
tant part in shaping the landscape as we see it today. All the uncon- 
solidated deposits in the basin owe their origin, either directly or 
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indirect1y, to this g1aciation of the area. Most of the rock debris, which 
makes up these glacia1 deposits, was derived from rocks in the basin. 
However, some of the glacial material was derived from rocks hundreds of 
miles north of the basin. 


Most important from the standpoint of the chemical quality of water 
in the basin is the fact that in some areas the ice stripped away tens 
of feet of weathered rocks from the land surface, exposed s01uble minerals 
to weathering, and also redistributed some of the various rock types over 
the basin. For example, many of the fragments of limestone and dolomite, 
which were quarried by the ice in the northern part of the basin, were 
redeposited in the south. 


Most of the glacial deposits are till, silt, and clay, or sand and 
gravel. A general description of the character of these deposits follows. 


Till.--Til1 was formed by direct deposition by the ice sheet, without 
runni ng o r standing water to act as a sorting medium. Therefore, the de- 
posits are heterogeneous unstratified mixtures of all grain sizes ranging 
from boulders to clay. Because of the weight of the ice at the time of de- 
position, the deposits are very dense and compact. Although the till con- 
tains many sand- and gravel-size partic1es, the spaces between them are 
filled with smaller grains of silt and clay. Therefore, the openings in 
the deposits are very small, and usually the till seems to be an almost 
solid mass. 


Silt and clay .--Deposits of silt and clay were formed when very sma11 
particles of rock material (0.06 to 0.005 mi11imeter or less in di
meter) 
settled in lakes or other standing bodies of water. Many of these deposits 
consist of indi.vidual layers of silt and layers of c1ay. The grains adhere 
together very firmly, and as a unit the layers are dense and tough. All 
openings between the particles of silt and clay are extremely small. In 
total volume, however, they may exceed the amount of void space in the sand 
and gravel. 


Sand and gravel .--Most of the sand and gravel deposits in the Western 
Oswego River basin were laid down by water, resulting from the melting of 
snow or glacial ice. As the melt water carried along the mixture of glacial 
debris, the gravel- and sand-size particles dropped out when the velocity 
was insufficient to move them. However, the smaller particles of silt and 
clay were still carried along. The sand- and gravel-size deposits that were 
left behind were nearly free of silt and clay. A deposit of sand and gravel 
is generally sorted into layers and beds of near1y uniform size materials, 
though these layers may be complexly interbedded. A large percentage of a 
sand and gravel deposit is composed of voids or open spaces. The size of 
these openings may range from a fraction of an inch in sand to an inch or 
more in coarse gravel. 
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Occurrence of Ground Water 


A knowledge of occurrence and movement of ground water is useful in 
understanding the changes in the chemical quality of the water. A brief 
explanation of the principles of ground-water occurrence and movement 
fo 11 ows . 


The ultimate source of virtually all water in the Western Oswego River 
basin is precipitation. Precipitation infiltrates the ground, percolates 
downward through the unsaturated "zone of aeration," and eventually reaches 
the completely saturated "zone of saturation." The upper surface of this 
zone is called the "water table,I' except where that surface is formed by 
an impermeable body. (See figure 7.) 


As soon as water reaches the zone of , saturation, it begins to move 
toward areas of discharge. Water moves from areas of high head to areas 
of lower head. Generalized flow paths of ground-water movement are shown 
in figure 7. The curved lines emphasize that the water is moving in re- 
sponse to pressure (head), as well as gravity, through a system of pores 
and rock fractures. Knowledge of the system helps in understanding why 
water always moves downward when it infiltrates the land surface, yet 
moves upward at points of discharge such as springs and streams. Several 
ground-water flow systems may be superimposed on one another. For example, 
small, local flow systems in the Finger Lakes area discharge to the tributary 
streams in the uplands, which overlie a larger areal flow system that dis- 
charges into the lakes. More detailed discussions of ground-water movement 
are given in papers by Hubbert (1940) and Toth (1962). 


The volume of water that can be stored in bedrock or unconsolidated 
deposits is directly proportional to the volume of voids or openings that 
they contain. The percentage of a given rock or unconsolidated deposit 
that cons i s ts of these vo ids or open spaces is te rmed "po'ros i ty. II The 
porosity of any given earth material may range from near zero to 50 percent 
or more. 


Generally, all openings in shale, siltstone, and sandstone are along 
bedding planes and vertical joints. Because total volume of these openings 
is very small, porosity of the rock as a whole may be 1 percent or less. 
Solution openings in carbonate rocks may be larger than openings in shale, 
siltstone, and sandstone, and porosities may be as much as 20 percent. The 
porosity of sand and gravel may be as much as 30 percent or more because of 
the large pore spaces between the individual grains. Although the pore 
spaces between the individual grains in silt and clay deposits are extremely 
small, porosity may be as much as 50 percent or more because of the" high 
degree of sorting in these deposits. 


As reservoirs for the storage of water, the various materials in the 
basin may contain from almost zero to more than 50 percent of their total 
volume as water. However, of importance is the rate at which water will 
move through the materials because the greater the rate the larger the 
volume that will pass through and dissolve minerals. 


#' 
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There is no direct relationship between the volume of water in a rock 
or unconsolidated deposit and the quantity of water that can move through 
it because the rate at which water moves through a material depends prima- 
rily on the size and interconnection of the openings, or pore spaces, not 
their total volume. The smaller these openings, the lower the rate of flow 
of water through them. As the openings in the material become very small, 
friction resulting from the water moving through them may become so great 
that the flow is almost completely stopped. 


The ability of a material to transmit water is known as its "perme- 
ability.1I The more readily that water moves through a material, the greater 
the permeability. The small openings in shale, siltstone, and sandstone 
result in low permeability. On the other hand, the carbonate rocks general- 
ly have a high permeability because of their large, interconnected solution 
openings. 


Silt and clay retard the flow of water. The pore spaces in silt and 
clay are so small that, as a whole, the deposits are nearly impermeable. 
Sand and gravel have a very high permeability because of the larger and 
better interconnected pore spaces. Relative to its flow through silt 
and clay, water flows through sand and gravel at a rapid rate. The con- 
cept of permeability is very useful in a discussion of the relative water- 
transmitting properties of various materials. However, to be able to 
describe more exactly the quantities of water moving through various mate- 
rials, permeability must be given a more precise definition. Permeability 
can be expressed as the number of gallons of water that will move in 1 day 
through a 1 square-foot area under a hydraulic gradient of 100 percent 
(l-foot drop in head for each foot of horizontal movement) at 60 0 Fahrenheit. 
The correct term for this expression is "coefficient of permeability.'1 
However, for simplification in this report, whenever a quantitative value is 
used it will be referred to as permeability. The correction for temperature 
is commonly ignored. 


The range of permeabilities of the bedrock and unconsolidated deposits 
is large because of the physical differences among the various materials. 
The permeability of a clay deposit may be as low as 0.001 gpd (gallons per 
day) per square foot, whereas the permeability of a coarse gravel deposit 
may be as high as 100,000 gpd per square foot. In this example, the gravel 
is 100 million times as permeable as the clay. 


Permeabilities of different earth materials play an important role in 
controlling ground-water movement. For example, the flow paths in figure 
7 are very general. In actual cases they are often short-circuited by 
more permeable materials through which the water moves more readily, or 
they are deflected by less permeable materials. 


Data-Collection Program 


The collection of information on ground-water quality in the Western 
Oswego River basin included both an analysis of data from previous studies 
and an intensive water-sampling program during the investigation. Specific 
data from several previous investigations in the area were used in the 
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preparation of this report. Many chemical analyses of ground water are 
given in the reports on Ontario County by Mack and Dingman (1962), Seneca 
County by Mozola (1951), and Wayne County by Griswold (1951). 


The data-collection program consisted of sampling water before it 
entered the ground, as it moved under the ground, and as it was discharged 
from the ground. This program allowed an evaluation of the quality of 
ground water, both areally and with depth, and the factors affecting that 
quality. The field phase of the investigation was done during the years 
1964-66. 


Well- and Spring-Numbering System 
Wells and springs in this report are identified by latitude, longitude, 
and a sequential number. These identification numbers allow location of 
the well or spring to within l-second accuracy (about 100 feet in the study 
area) on U.S. Geological Survey 1:24,000 scale topographic maps (fig. 5). 
Further identification within a l-second quandrangle is by a sequential 
number. Identification number 421258N0765053.1, for example, locates well 
sequential number. 1 in a l-second quadrangle between latitudes 42°12'58" N. 
and 42°12'59" N. and between longitudes 76°50'53 11 w. and 76°50'54" W. The 
approximate locations of wells and springs referred to in this report are 
plotted in plate 1 of a companion report (Crain, in press). 


Streamflow Station-Numbering System 


Streamflow stations are numbered and listed according to the position 
of the station in the stream network. The numbers increase in a downstream 
direction along each stream. Any station on a tributary entering below a 
station on the main stem will have a larger number and be listed after the 
main-stem station. If a tributary enters between two main-stem stations, 
it is listed between them. Gaps are left in the numbers to allow for new 
stations that may be established; hence, the numbers are not consecutive. 


Use of the numbering system in a hypothetical drainage system is 
illustrated in figure 6. Each number consists of 8 or 9 digits. The first 
two digits are "04" and represent streams draining to the St. Lawrence River, 
which includes all streams in the Western Oswego River basin. In this re- 
port, the initial zero and commonly any zeros at the end of the number are 
dropped for simplicity. 


In an area of many lakes and stream diversions, such as the Western 
Oswego River basin, defining the downstream order of the stations may be 
difficult. Therefore, all the stations in tables 1 and 3 are also identi- 
fied by name, latitude, and longitude to facilitate their location. 
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Figure 5.--lndex to U.S. Geological Survey topographic maps, as of October 1973, 
covering the Western Oswego River basin. 


Locations (latitude-longitude) in this report can 
be plotted on appropriate u.s. Geological Survey 
topographic maps. These maps are currently priced 
at $.75 a copy. They may be ordered from the Branch 
of Distribution, u.s. Geological Survey, 1200 South 
Eads Street, Arlington, Virginia 22202. 
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Figure 6.--Streamflow station-numbering system. 
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WATER QUALITY 


Water is a universal solvent, and all the nat ral chemical elements 
and their combinations, inc1uding gases, are solub e in it to some degree. 
The concentration of any chemical constituent diss lved in water is ex- 
pressed in terms of weight of the chemica1 constit ent per v01ume of solu- 
tion. The Geologica1 Survey formerly reported res lts of chemica1 analysis 
In "parts per million"; since October 1, 1967, the Survey has reported re- 
su1ts in " m i11igrams per liter". However, no appr ciab1e error is intro- 
duced by assuming that the expressions are equival nt for water with dis- 
solved-solids concentrations 1ess than 7,000 mg/1 t r 7,000 ppm (Hem, 1959, 
p. 30). Even for concentrations much higher than the 7,000 figure the 
amount of error is insignificant for the purposes f this report. Therefore, 
to avoid confusion all the older chemical analyses used in this report, 
originally analyzed and reported in parts per mi ll l ion, are tabulated as 
milligrams per liter. I 


I 
Individually and collective1y, the concentra
ions of the chemica1 
constituents and gases in water affect the usefUl 
 ess of the water. Before 
a discussion of the areal distribution and the ef ects of the various 
dissolved chemical constituents on usefulness of ater in the basin is 
undertaken, a brief discussion of the manner in w ich the various con- 
stituents occur in the water would be helpful. I . 


Sources of Chemica1 Constituents in 


i 
round Water 


A way to understand the process by which wat 
constituents is to trace the hydr010gic cycle. T 
term for the series of events that includes evapo 
ocean and the land surface, subsequent condensati 
this water on the earth's surface, runoff of prec 
its infi1tration to the water table, and final di 
area through streamflow, evaporation, and the tra 
The cycle, and specific phases of the cyc1e, are 
themselves. 


r obtains its chemical 
e hydrologic cycle is a 
ation of water from the 
n and precipitation of 
pitation to streams or 
charge of water from the 
spiration of plants. 
ontinually repeating 


A diagram of the hydrologic cycle with speci ic reference to the chem- 
ical quality of the water involved is presente
 i figure 7. The re1ative 
concentrations of chemica1 constituents in the wa er are represented in the 
figure by density of the dots. As s
own in the figure, water entering the 
atmosphere as vapor is pure, and has not acquired any chemical constituents. 
As condensation takes place, the water droplets f rm around some small 
impurity (such as a smoke or dirt particle) as a nuc1eus. As the droplet 
becomes heavier and falls through the air, additi na1 impurities are dis- 
solved, so that by the time it reaches the ground the droplet usually con- 
tains a measurable, though not large, quantity 0 chemical constituents. 
After precipitation reaches the ground, the Iwater either runs off over 
the land surface or infiltrates the ground, or bqth. Some of the water is 
evaporated and returned to the atmosphere. wate ] running over the ground 
dissolves materials on the land surface and acquires a higher dissolved- 
solids concentration. Some of this overland flo is discharged directly to 
streams; some infiltrates the ground. i 
! 
I 
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Zone of aeration 


< 


Water vapor 


Zone of saturation 


'. 


Note: Dots (::::) represent relative 
concentration of chemical 
constituents in the water, 


Figure 7.--The hydrologic cyc1e, with specific reference 
to its chemical aspects. 


As the water percolates through the soil zone, it picks up soluble 
materials from the so i) and weathered rock. Decaying organic matter in 
the soil re1eases carbon dioxide and organic acids to the water, which in- 
creases the solvent power of the water. As the water flows through the 
zone of saturation, it dissolves additional materials. Eventually a balance 
is reached between djssolved
solids concentration and the ability of the 
water to dissolve additional minerals. This balance may be reached quick1y 
as the water flows through the zone of saturation. However, the ground- 
water flow 1ines in figure 7 are shown as if the water was increasing its 
concentration of chemical constituents continuously as it moves through 
the ground. All this ground water is eventually discharged to a stream as 
shown in the figure. 


Streamflow discharged from an area represents an integration of the 
concentration of chemical constituents in precipitation, overland flow, 
and ground-water discharge. 
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This description is a very general picture of how water acquires its 
chemical properties. To evaluate the amounts of chemical constituents 
being contributed to the ground water of the Western Oswego River basin 
through each phase of the hydrologic cycle, a detailed examination of pre- 
cipitation, overland flow, and subsurface movement of water is necessary. 


Precipitation 


Nearly all the water in the Western Oswego River basin is derived from 
local precipitation. A small amount of water probably enters the basin 
through surface flow, and a small amount may be connate water (water that 
has been trapped in the bedrock since its formation, or at least for an 
extremely long time). 


A common misconception is that precipitation is pure. To some extent 
this is true, especially when compared with ground and surface water. 
However, the air contains dust particles, smoke, and chemical vapors. Most 
of these minute particles are too small to be seen by the naked eye, but 
they are extremely abundant. Studies have shown that concentration of the 
larger of these particles may range from about 10 to 10,000 per cubic inch 
of air (Petterssen, 1958, p. 61). As previously mentioned, these impurities 
in the air have an important function in that some of them are used as nu- 
clei on which the water vapor in the air condenses to form cloud droplets. 
This process means that even as the water condenses from the vapor state it 
dissolves some chemical constituents. 


Two of the more important hygroscopic compounds in the air are sodium 
chloride (table salt) and sulfuric acid (H 2 S04). Salt is derived primarily 
from the ocean areas, where it has been blown into the air, and is not 
especially abundant as far inland as the Western Oswego River basin. How- 
ever, sulfuric acid is actually formed in the air and may be fairly common. 
This results principally from the burning of sulfur-bearing fuels (parti- 
cularly coal) and the accompaning release of sulfur dioxide (S02) into the 
air. When exposed to abundant oxygen "in the atmosphere sulfur dioxide 
changes to sulfur trioxide (SOg), and reacts with water vapor (H20) to form 
sulfuric acid. 


In the Western Oswego River basin, monthly composites of precipitation 
samples collected from March 1965 through February 1966 at eight sites 
scattered throughout the basin contained an average dissolved-sol ids con- 
centration of about 10 mg/l, of which about 6 mg/l was sulfate. Concen- 
tration of chloride in the precipitation, about 0.2 mg/l, indicates that 
chloride is a very minor constituent in the atmosphere over the Western 
Oswego River basin. To investigate possible areal variations that would 
not be observed in the network of 8 sampling sites, a snowfall was sampled 
at 57 sites scattered throughout the basin. The concentrations of dissolved 
constituents in these samples was about the same as those in the monthly 
composite samples from the eight sites. 


Apparently, amounts of chemica] constituents contributed to the water 
in the basin by precipitation is very small because there is very little 
industry in the basin to contribute pollutants to the air. In heavily 
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industria"lized areas, the chemical constituents in precipitation may be 
several times that in the Western Oswego River basin (Archer and others, 
1968). 


Overl and Flow 


After reaching the ground, precipitation either infiltrates directly 
or runs over the land surface and may eventually infiltrate the ground or 
reach a stream or lake. As the water runs over the ground, it dissolves 
mineral matter on the land surface (fig. 7). The material that is dis- 
solved consists of soil particles, organic matter, and minerals such as 
fertilizer and road salt that man has applied to the land. 


An attempt to define the chemical quality of overland flow was under- 
taken during this study by sampling 89 sites scattered throughout the basin, 
at a time of high runoff caused by both melting snow and heavy rainfall. 
Many of the sites are rills and gullys that carry water only during storms 
or spring runoff. At such sites ground-water discharge could be largely or 
entirely avoided. 


Chemical qual ity of the overland f"low could not be defined from the 
results of the sampling program for several reasons: (1) length of time 
and distance the water had been running over the land surface could not be 
determined accurately, (2) ground-water discharge was apparently entering 
some of the streams, even during the heavy runoff, (3) quality of many 
streams was affected by man's activities, and (4) the single sample at most 
stations was insufficient to determine if the runoff event was representa- 
tive. For these reasons there are great variations in concentrations of 
individual constituents among these samples. 


Table 1 is a tabulation of the chemical analyses for the samples col- 
lected to define the quality of overland runoff. The most striking fact 
about the chemical analyses is that concentrations of given chemical can- 
st i tuents are greater in" samples of. overland .flow than in precipi tation. 
This fact is not surprising because much mineral matter is at, or near, the 
land surface. Also, there is a great variation in concentrations of given 
constituents, even in the same geographic and geologic areas. Samples 
might be grouped into three general categories: (1) water that is actually 
overland flow and has not been below the land surface, (2) a combination 
of overland flow and water that has entered the soil zone and then has been 
discharged, and (3) water composed of'overland flow, soil drainage, and 
ground-water discharge. The concentration of chemical constituents is gen- 
erally lowest in the first category and highest in the third. The most 
common type of water sampled is in the second category. Any drainage basin 
more than a few thousand square feet in area would probably contain some 
drainage from the soil zone unless the ground were completely frozen. 


Figure 8 is a map showing average values of dissolved-solids concen- 
tration in small streams at high flow in February 1966. Although figure 8 
is based on table 1, comparison reveals some apparent discrepancies. For 
instance, some of the samples in table I, such as from station 4-2344.22 
in the Naples area (south of Canandaigua Lake), are from areas where large 
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EXPLANATION 


___ __ _ 20 0 


Line of equal dissolved- 
sol ids concentrations, 
in mi II igrams per I iter 


Basin boundary 


45' 


JO' 


10 
, 


2fl MILES 


IIose from U S Geological Survey 
Elm".. NY. PA . 1968. and Rochesler. NY. 1961 1 250 000 scale 


Figure 8.--Approximate dissolved-solids concentrations of 
small streams during a period of high over- 
land flow on February 13 and 14, 1966. 


amounts of ground-water discharge were certainly being contributed to the 
streams. Likewise, water at station 4-2350.50, near Newark, undoubtedly 
contained an extremely large proportion of ground-water discharge. There- 
fore, less weight was given to these samples. The map is meant to represent 
the quality of the water in the smaller ril1s and tributaries during the 
period of spring runoff. It does not represent the quality of the larger 
streams or even of the rills and tributaries for all periods of high water. 
For example, qual ity during periods of high runoff from storms in the. summer 
might differ considerably from that shown in figure 8. 
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Differences in the relative amounts of chemical constituents in over- 
land flow in the study area in mid-February 1966 are shown in figure 8. 
Concentrations of chemical constituents are greater in the northern half 
of the basin, where the rocks contain relatively soluble minerals and the 
human population and concentration of farms are larger than in the southern 
half. The southern part of the study area has less soluble minerals and 
fewer inhabitants than the remainder of the area. 


Results of the chemical-quality sampling of small streams during a 
period of large quantities of overland flow (February 13 and 14, 1966) in- 
dicate that dissolved-solids concentration in the basin generally ranged 
from 50 to 300 mg/l (table 1). The distribution of dissolved-solids con- 
centrations in table 1 suggests that the dissolved-solids concentration of 
true overland flow may average about half that for samples of water drained 
from the soil zone. 


Concentration of chloride ranged from 0.5 to 42 mg/l, which is con- 
siderably greater than that in precipitation analyzed by the U.S. Geological 
Survey (1968, p. 157-163). Because chloride compounds naturally present 
in earth materials are very soluble, they would not be expected to persist 
near the land surface after many years of leaching by infiltration and 
overland flow. Therefore, most of the chloride in water samples from the 
89 sites is probably the result of man's activities; for example, salting 
of roads in winter. 


Concentration of sulfate ranged from 11 to 432 mg/l. All concentra- 
tions in this range are much greater than the concentrations of sulfate in 
precipitation analyzed by the U.S. Geological Survey (1968, p. 157-163). 
As much as 15 mg/l sulfate might be accounted for by concentration of pre- 
cipitation through evaporation. However, some sulfate-bearing minerals are 
probably still in the soil or the shallow zones of the unconsolidated deposits, 
especially in the northern half of the basin, and contribute sulfate to the 
streams at high flows. 


Concentration of nitrate in the runoff samples ranged from a few 
tenths to 64 mg/l. Much of ,the nitrate probably comes from the solution 
or organic material and fertil izers near the land surface. 


The importance of the chemical quality of overland flow and high 
streamflow to ground-water quality differs throughout the basin. In many 
of the upland areas of the southern part of the basin, very little over- 
land flow ever infiltrates the ground because deposits of low permeability 
cover much of the area. However, in the sand and gravel deposits in valley 
areas of the south and scattered over the north, as well as in the areas 
of carbonate rocks, much of the overland flow and streamflow from adjacent 
areas infiltrates the ground and becomes ground-water recharge. Infiltration 
of stream water on many of the sand and gravel deposits near the valley 
walls in the south and disappearance of a small stream into a sinkhole in 
the limestone area southeast of Seneca Falls during the spring runoff were 
observed. 


In conclusion, although much of the ground-water recharge in the basin 
is derived directly from precipitation, which has a low dissolved-solids 
concentration, considerable recharge in some areas is obtained from over- 
land flow and streamflow whose dissolved-sol ids concentrations generally 
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range from 50 to 300 mg!l. In these areas the water would contain sub- 
stantial concentrations of chemical constituents, even before solution 
of minerals during subsurface circulation. 


Subsurface Movement 


If the dissolved-solids concentration of water entering the Western 
Oswego River basin is only about 10 mg!l after its journey through the at- 
mosphere and is perhaps 50 to 300 mg!l after moving over the land surface, 
any additional increase in dissolved
solids concentration must take place 
under the land surface, either by the solution of minerals from the rocks 
or the addition of mineralized water from depth. 


Solution of minerals .--As previously discussed, there are two basic 
types of water-bearing units in the basin
-unconsolidated deposits and bed- 
rock. All these deposits and rocks are composed of minerals that are sol- 
uble in water to a greater or lesser degree. Of all the minerals in the 
basin, the most soluble ones are sodium chloride, gypsum, calcite (lime- 
stone), and dolomite. These minerals are important constituents of the bed- 
rock in the northern half of the basin (figs. 3 and 
). The shale, siltstone, 
and sandstone unit is composed principally of silicate minerals that are re- 
latively insoluble in water. 


The more soluble minerals in the unconsolidated deposits, such as salt 
and gypsum, have long since been dissolved, although some of the clay-rich 
tills may still contain some gypsum. However, fragments of limestone and 
dolomite make up a significant part of many of the unconcolidated deposits. 
Because the soluble minerals would be the ones primarily responsible for the 
addition of chemical constituents to the water, their constituents would make 
up the bulk of chemical constituents in the ground water of the basin. An 
examination of table 
 shows that this is indeed the case. Calcium, magne- 
sium, sodium, chloride, sulfate, and bicarbonate account for the major share 
of the chemical constituents in the water. Silicate minerals add very few 
dissolved constituents to the water, as reflected by the low concentrations 
(mostly less than 1
 mg!l) of sil ica shown in table 
. 


Water derived from anyone of the bedrock units in the basin will re- 
flect the chemical quality of the recharge water plus any chemical constit- 
uents dissolved as the water circulates through the rock itself. An anal- 
ysis of the ground water in the bedrock, therefore, indicates the relative 
solubilities of the different minerals in the rocks and the increase in 
concentration of chemical constituents. 


Median concentrations of chloride, sulfate, hardness, and dissolved 
solids for ground-water samples collected from bedrock and unconsolidated 
deposits in the basin are given in figure 9. In any group of samples, half 
of the samples have lower concentrations, and half have greater concentra- 
tions than the median concentration. The median was used instead of an 
arithmetic average because an average gives too much weight to the extremes. 
For example, 53 chloride samples were collected from the shale, siltstone, 
and sandstone unit. The median chloride concentration was 10 mg!l, and the 


23 



0: 

I 
::i 
0: 
W 

 
en l 
:2 
« 
0: 

 
:i 140 
:E 

 
cri 12 
z 
o 
i= 

I 
Z 
w 
u 
5 8 
u 
z 
« 
Q 
w 
:2 


2400 


NUMBER OF SAMPLES ON WHICH MEDIAN IS BASED 


'3 48 51 29 


14B 97 \20 46 


17 12 18 9 


19 17 19 \0 


68 41 49 2 I 


7 6 7 4 


22 


EXPLANATION 
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Chloride (CI) 

 
Sulfate (S04) 



 
Hardness as CaC03 
CJ 
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Dissolved solids 


o 
Devonian shale. 
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Limestone 


Silurian 
carbonate 
rocks 


Figure 9.--Median concentrations of selected chemical constituents, hardness, 
and dissolved solids of ground-water samples from bedrock and 
unconsolidated deposits. 


average was 164 mg/l. However, of all the samples, only 6, or about 10 per- 
cent, had a chloride concentration greater than 100 mg/l. Therefore, a few 
extreme samples have a great effect on the average, which could give a false 
impression about the quality of ground water in these rocks. For these rea- 
sons, the median value approaches the quality of water most likely to be 
found in wells tapping the bedrock and the unconsolidated deposits. The 
median values in figure 9 represent the chemical quality of the ground 
water that has circulated through the various units shown. The median con- 
centrations shown for water from the shale, siltstone, and sandstone unit 
indicates low sOlubility of the rocks. The median dissolved-solids con- 
centration (455 mg/l) of water in the unit is about three times the median 
dissolved-solids concentrations of overland runoff in the part of the basin 
underlain by the unit. Hardness of the water, which roughly indicates 
amounts of calcium and magnesium in solution, has a median value of 190 
mg/l for the water samples from the shale, siltstone, and sandstone unit. 
This may seem high, but much calcium carbonate is found as a cement in 
certain rocks of the unit; beds of limestone are also present. 
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As expected, water from wells tapping the Onondaga Limestone has a 
greater median dissolved
solids concentration than that from the shale, 
siltstone, and sandstone unit. The median hardness of water from the lime- 
stone is 336 mg/l, which suggests that limestone is primarily responsible 
for the greater dissolved-solids concentration. Water from the Onondaga 
Limestone has a greater median sulfate concentration than water from the 
shale, siltstone, and sandstone unit. This is possibly the result of a small 
amount of mixing of water from the Onondaga with water from underlying for- 
mations and the fact that recharge to the Onondaga contains more sulfate 
than recharge to the shale, siltstone, and sandstone unit farther south. 


The Silurian carbonate rocks are composed primarily of limestone and 
dolomite. However, they also contain some beds of gypsum, which is signif- 
icantly more soluble than the carbonate. As shown in figure 9, dissolved- 
solids, sulfate, and hardness concentrations for water from the Silurian 
carbonate rocks are, respectively, about 4, 12, and 5 times the concentra- 
tions of these parameters for water from the overlying Onondaga Limestone. 


According to data cited by Lange (1967, p. 250), a saturated solution 
of calcium sulfate in water at 20°C (68°F) has a calcium concentration of 
890 mg/l and a sulfate concentration of 1,990 mg/l. Evidently, much of the 
ground water circulating through the Silurian carbonate rocks dissolves 
enough gypsum to become nearly saturated. In fact, calcium and sulfate 
concentrations of as much as 624 mg/l and 1,870 mg/l, respectively, are 
reported for some of the water samples (table 4). 


Chemical qual ity of water from wells tapping the Camillus and Vernon 
Shales is similar to that of water from the Silurian carbonate rocks. How- 
ever, dissolved-solids and sulfate concentrations of water from these shales 
are slightly lower than concentrations of these parameters for water from the 
Silurian carbonate rocks. Median sulfate concentrations of more than 1,000 
mg/l indicate an abundance of gypsum in the formations. Because of the beds 
of rock salt in the Camillus, one would expect high sodium chloride concen- 
trations for water circulating through these formations; this is often the 
case, especially 'for water at greater depths or areas of ground-water dis- 
charge. According to Kreidler (1957), these formations contain salt beds 
at depths of about 300 feet or less below land surface in the area north 
of Seneca Falls (fig. 10). Two wells at these depths, 430349N0765854.1 and 
430052N0764211.1, have chloride concentrations of 21,000 and 39,700 mg/l, 
respectively. However, as previously mentioned, because of the extreme sol- 
ubility of the salt, it has been completely dissolved from shallow depths 
that are most commonly tapped by wells. Also, because a salty taste in water 
is intolerable to most people, many of the wells in the basin that have tapped 
salty water have been destroyed or abandoned. Therefore, data collected dur- 
ing this study would be biased by excluding waters high in chloride, an9 the 
median concentration of chloride in the wells sampled during this study'is 
quite low. Thus, the median chloride concentration of all the ground water 
in the formation is higher than that shown in figure 9. 


Water moving through the Lockport Dolomite is primarily in a carbonate 
rock environment, and the quality of the water is similar to that from the 
Onondaga Limestone. 
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Median concentrations of the chemical constituents of water in the un- 
consolidated deposits is generally lower than concentrations of those in 
water in the bedrock, except for the shale, siltstone, and sandstone unit. 
Hardness of water samples from unconsolidated deposits (table 4) tends to 
be higher than that from the shale, siltstone, and sandstone unit. This 
tendency is probably due to the fact that many of the samples from uncon- 
solidated deposits were collected in the northern part of the basin where 
limestone and dolomite fragments are an important part of the unconsolidated 
deposits. 


In conclusion, the greatest proportion of the chemical constituents in 
ground water of the Western Oswego River basin is acquired by the.solution 
of minerals under the land surface. These minerals include sodium chloride, 
gypsum, calcite, and dolomite. 


Deep ground-water flow .--Although the preceding discussion has identi- 
fied the most abundant chemical constituents in ground water of the Western 
Oswego River basin and has explained their origin, several anomalous con- 
ditions exist. One of the most unusual of these is the highly mineralized 
water in several wells tapping the shale, siltstone, and sandstone unit, 
such as wells 423120N0763540.1, 423820N0761940.1, and 424026N0763208.1. At 
first glance, one might think that the source of this water must be the salt 
beds of the Camillus and Vernon Shales. However, the three wells are bot- 
tomed well above the Camillus and Vernon Shales. It is difficult to visual- 
ize the hydraulic heads and flow paths that could move water downward to 
depths 2,000 feet or more below the bottom of the wells and then return it 
upward to such a high altitude. 


Another interesting fact is that the highly mineralized water has been 
found also in deep oil and gas test wells drilled below the Camillus and 
Vernon Shales (Kreidler, 1957.) It is difficult to envision water moving 
downward through the salt zone to the rocks below, because the salt beds, 
by their nature, would be impermeable to movement of water. If water were 
able to move through the salt, the salt would be dissolved. Also, miner- 
alized water from the southern part of the basin usually has higher chloride 
and lower sulfate concentrations than water from the Camillus and Vernon 
Shales; or if the chloride concentration is high, so is the sulfate. 


One may conclude from the preceding discussion that the mineralized 
water at depth is derived from some source other than the salt beds in the 
Camillus and Vernon Shales. Because such water is found throughout the 
basin, and in most other areas of marine rocks throughout the State, one 
explanation may be that it has been in the rocks since they were formed. 
This is quite possible because the sediments of which these rocks are com- 
posed were originally deposited in marine bodies of water. Therefore, some 
of this seawater, or at least the minerals in it, may have been trapped in 
the rocks ever since. The minerals are still there because water probably 
moves so slowly through the bedrock that it has not had sufficient time to 
flush the minerals. 


The reader may wonder about the manner in which the mineralized water 
is brought to the surface and why this usually occurs only in the valley 
areas of the Appalachian Plateau. Examination of figure 10, which is a 
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diagram of an idealized ground-water flow system in the basin, may help him 
understand movement of the ground water. Much of the water that recharges 
the ground-water reservoir in the uplands is discharged through local flow 
systems. Water that moves into the ground closest to the points of dis- 
charge (streams) is discharged to the stream after fOllowing a fairly short 
path through the ground and will have a lower dissolved-solids concentration 
than recharge that enters the ground on the hilltops far back from the 
streams and has a much longer and deeper flow path (fig. 10). Water following 
the deeper flow path may mix with and bring to the surface some of the more 
mineralized water. An excellent example of this type of flow system is the 
valley of Salmon Creek, east of Cayuga Lake. Well 424026N0763208.1, near Genoa 
in the Salmon Creek valley, is about 100 feet from the stream and is only 148 
feet deep. However, the water in this well rises under artesian pressure to 
a level above land surface, which indicates that ground water in the bedrock 
is discharging to the stream. Moreover, the water in this well has a dissolved- 
solids concentration of 1,4'0 mg/l, which is much greater than that for water 
from bedrock wells on the hillsides around the stream. 


As shown in figure 10, some of the water recharged in the uplands of 
the south enters the regional flow toward the lowland in the north. Much 
of this water also is discharged in the stream val1,eys draining to the north 
or into the lake basins. Although this mineralized water is responsible 
for some of the high chloride concentrations of water in the Central Low- 
land, including some moving beneath the Camillus and Vernon Shales, the most 
important source of highly mineralized water in the northern part of the 
basin is the solution of salt and gypsum from the Camjllus and the Vernon 
Shales. 


Mineralized water is present at depth everywhere in the basin; that is, 
wherever one drills a well in the basin, if the well is drilled deep enough, 
it will tap mineralized wa
er. This mineralized water is closest to land 
surface in areas of ground-water discharge such as the lake basins or the 
largest stream valleys. 


Chemical Qualitx of Available Ground Water 


Although the manner in which water 'acquires its chemical constituents 
has been discussed in the preceding sections, occurrence and concentration 
of any constituent in a given locality is not as simple as it might first 
seem. This point is made clear if one compares the median concentrations 
of chemical constituents and properties of water in the bedrock units 
(fig. 9) with the actual ranges of the concentrations (table 4). Local 
differences in topography, thickness of unconsolidated deposits, and per- 
meability of the unconsolidated deposits and bedrock have strong effects on 
quantities and movement and, therefore, on the chemical quality of the 
ground water near the earth's surface. Because most of the ground water 
used comes from the upper few hundred feet of the earth's surface, these 
surficial differences are very important. 


To define areal and vertical differences in the chemical quality of 
ground water in the Western Oswego River basin, two water sampling programs 
were undertaken. The first of these was the collection of water samples at 
approximately 150 stations on streams in the basin during the summer of 1965, 
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at a time when all flow in the streams was contributed by ground-water dis- 
charge and, therefore, reflected the quality of ground water in the basin 
upstream from the station. The second sampling program was the collection 
of water samples from about 200 wells scattered throughout the basin. These 
wells were selected on the basis of areal distribution, depth, and topograph- 
ic and geologic situation. Results of the sampling programs and the loca- 
tions of the sampling stations are given in tables 3 (surface water) and 4 
(ground water). 


Perhaps the best way to discuss chemical quality of the ground water 
in the basin is to consider specific conductance, dissolved-solids concen- 
tration, hardness, and some of the dissolved chemical constituents of water 
samples from various sources in the basin, and the effects of these param- 
eters on man's use of the water. 


Specific Conductance 


Specific conductance is a measure of the ability of water to conduct 
electricity and is also an indication of the mineral content of water. The 
more mineralized a water sample, the more readily it will conduct electricity. 
Because of this relationship and the ease of measurement, specific conduct- 
ance was determined on practically all the water samples collected during 
the study. The specific conductances in tables 1, 3, and 4 provide an es- 
timate of the dissolved-solids concentration of the water samples. 


The dissolved-solids concentration in milligrams per liter of any water 
sample ranges from 50 to 100 percent of the specific conductance in micromhos 
per centimeter at 25°C (Celsius) (Hem, 1959, p. 40). The relationship varies 
according to the concentration of the individual constituents. To determine 
this relationship in the Western Oswego "River basin, specific conductance 
and dissolved-solids concentration of the ground water in the basin were 
plotted against each other. This relationship for specific conductances of 
1,000 or less is shown in figure 11. The scatter of data points at larger 
specific conductances was found to be extremely large. Specific conductance 
and dissolved-solids concentration seemed to approach the same numerical 
value at larger conductances. Figure 11 provides a mean by which the spe- 
cific conductances in tables 1, 3, and 4 may be converted to estimates of 
the dissolved-solids concentration for those analyses where such data are 
not available. 


Dissolved-Solids Concentration 


Dissolved-solids concentration is a measure of the quantity of chemical 
constituents dissolved in water and is a criterion by which to judge the 
general suitability of water for different uses. However, identification of 
the different chemical constituents that make up the dissolved solids is 
also very important. Concentrations of certain constituents can exceed ac- 
ceptable limits, "even though the concentration of dissolved-solids may be 
acceptable. 
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Figure 11.--Relationship between the specific conductance and dissolved- 
solids concentration of ground water. 


Recommended 1imits for the concentrations of dissolved-solids and com- 
mon chemical constituents in water from the basin for various uses are list- 
ed in table 2. Also listed are the probable sources and possible harmful 
effects of the constituents. As shown in the table, the recommended 1imit 
for diss01ved sol ids in drinking water is 500 mg/l. A limit of 1,000 mg/1 


30 



is allowed if better supplies are not available (U.S. Public Health Service, 
1962). Although the recommendations of the Public Health Service apply only 
to interstate carriers, the recommendations are generally used where possible 
for all drinking-water supplies. Higher limits than those for drinking water 
are generally permissible for most agricultural uses. 


Analysis of the samples of low streamflow collected during the summer 
of 1965 gives an indication of the quality of the shallow ground water in 
the basin (fig. 12). Because the low' flow in any stream consists of discharge 
from both shallow and deep ground water (fig. 7), the quality of stream water 
wi-l1 be between the qualities of water at the two depths. However, because 
the quantity of water circulating to shallow depths is generally greater than 
that circulating to greater depths, stream samples are biased in favor of the 
shallow ground water. Consequently, the concentrations shown in figure 12 are 
also biased toward the shallow ground water, which is above the zones tapped 
by a majority of the wells, and, as a result, these concentrations are some- 
what lower than those for water from most wells in the same area. However, 
areas where the dissolved-solids concentration of the ground water is almost 
certain to exceed the recommended limits shown in table 2 are defined by the 
concentrations on the map. Throughout most of the basin the dissolved-solids 
concentration of the shallow ground water is less than 500 mg/l, except for 
the area represented approximately by the outcrops of the Silurian carbonate 
rocks, Camillus Shale, and Vernon Shale. Areas having the highest dissolved- 
solids concentrations are those lying at the lowest altitudes and, therefore, 
serving as focal points for most of the deeper ground-water discharge. 


Specific conductances for some of the stream samples in table 3, partic- 
ularly those from the southern part of the area, suggest much higher dissolv- 
ed-solids concentrations than figure 12 indicates. Reeder Creek (4-2324.93) 
and Trumansburg Creek (4-2340.28) both have very high dissolved-solids con- 
centrations. An examination of the makeup of the chemical constituents in 
the water, and the other samples of ground water from the area, however, 
indicates that the quality of the water in the streams probably has been 
affected by pollution. . Both of these streams drain basins with areas of 
fairly dense population where the addition of manmade contaminants to the 
streams would be expected. Therefore, such samples were not considered when 
drawing the map (fig. 12). 


Another possible use of figure 12 is to provide an indication of the 
chemical quality of unpolluted streams at low flow. Therefore, this illus- 
tration, together with figure 8 showing the chemical quality of small streams 
at high flows, indicates the probable yearly range in the chemical quality 
of streamflow. However, the values are not valid for the larger streams or 
lakes. 


A map (fig. 13) showing the dissolved-solids concentrations of water 
most commonly tapped by wells was prepared from an evaluation of tables 3 
and 4. Before comparing figure 13 with table 4, the meaning of "commonly 
tapped by wells" must be defined. If a well is drilled deep enough anywhere 


31 



77' 30' 


16' 


77' 


46' 


30' 


76' 16' 


43- 
00' 


EXPLANATION 
MILliGRAMS PER LITER 
I I 
< 250 
r .. . .. . 
 
...... 
....... 
...... 
. 
250 - 500 

 
500-750 

 
750-1000 

 
> 1000 


46' 


30' 


42' 
15' 


' p 


2p MILES 


Base from U S Geological SurveV 
Elmira NY,; PA" 1968, and Rochesler NY, 1961. 1 250,000 scale 


Figure 12.--Dissolved-solids concentration of shallow ground water, as 
determined from analysis of streamflow samples. 


in the basin, water having a dissolved-solids concentration of many thousands 
of milligrams per 1 iter will be found. Likewise, as just discussed, very 
shallow ground water may have a very low dissolved-solids concentration. 
However, most of the wells drilled in the basin are deep enough to tap the 
first water-bearing zone or zones that will yield a sufficient amount of 
water for the intended use. Therefore, this map represents the chemical 
quality of water that will be found when one drills an adequate well in that 
area. Perhaps 90 percent of the wells in any area of the basin obtain ground 
water within the range of concentration shown in figure 13. The map does not 
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Figure 13.--Dissolved-solids concentration of ground water 
commonly tapped by wells. 


reflect the chemical quality of water in dug wells or in wells drilled deeper 
than would be necessary to supply the average house or farm. 


In examining figure 13, one notices that the quality of the water is 
generally poorer than that shown in figure 12. In fact, the dissolved-solids 
concentration for most ground-water samples obtained in the northern part of 
the basin exceeds the recommended limit (500 mg/I) for drinking water (U.S. 
Public Health Service, 1962). To obtain an adequate supply, most wells in 
this area must be drilled to a depth where they tap zones of water that con- 
tain dissolved gypsum or water that has mixed with the more mineralized water 
from deeper zones of circulation. 
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Hardness 


Hardness of water is the property attributable to alkaline earths and 
is an indication of the soap-consuming phwer of water. Calcium and magne- 
sium are the principal alkaline earths in water; strontium and barium are 
usually present only in small quantities. Calcium concentrations of surface 
water and calcium and magnesium concentrations of ground water in the study 
area are given in tables 3 and 4, respectively. For convenience, hardness 
is usually reported in milligrams per liter as calcium carbonate equivalent. 
The relative hardness of water has been described by Durfor and Becker (1964) 
as follows: 0 to 60 mg/l, soft; 61 to 120 mg/l,' moderately hard; 121 to 
180 mg/l, hard; and greater than 180 mg/l, very hard. 


Hardness is a problem throughout the Western Oswego River basin. (See 
table 4 and figure 9.) Very 1 ittle of the ground water in the basin is soft. 
Most of the ground water from the area south of the outcrop of the Onondaga 
Limestone is in the moderately hard to hard class, and most of the ground 
water from the outcrop of the Onondaga on north is in the very hard class. 
In fact, in those areas where the solution of gypsum adds chemical constit- 
uents to the water, hardness is usually several hundred milligrams per liter, 
and often more than 1,000 mg/l. 


Sulfate 


Sulfate is a very common chemical constituent in the ground water of 
the Western Oswego River basin. Its concentration is usually less than 250 
mg/l except in the outcrop areas of the Silurian carbonate rock and the 
Camillus and Vernon Shales, which contain gypsum deposits. The sulfate con- 
centration of water in the bedrock units is commonly 1,000 mg/l or more. 
Even the water at shallow depth in the unconsolidated deposits overlying 
these rocks in 10w lying areas has objectionably high concentrations because 
of upward movement of water from the bedrock. As shown in figure 14, the 
ground water commonly tapped by wells throughout a large part of the northern 
half of the basin has a sulfate concentration, of more than 500 mg/l, or twice 
the limit recommended by the U.S. Public Health Service (1962). A comparison 
of figures 13 and 14 shows that sulfate is the principal chemical constituent 
of the dissolved solids in this area. 


Although the sulfate concentration of ground water in the area is gener- 
ally well above the limits recommended by the U.S. Publ ic Health Service 
(1962), the people using ground water (almost all the rural population) must 
be drinking water with these high concentrations. Apparently, people using 
these waters rapidly develop a tolerance for the laxative properties of the 
water (U.S. Public Health Service, 1962, p. 33). However, the water does 
cause many problems with taste, hardness, and deposits. A majority of the 
wells tapping bedrock in this area would not yield water suitable for many 
industrial or agricultural uses. 
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Figure 14.--Areas where the sulfate concentration of ground water commonly 
tapped by wells is greater than 500 milligrams per liter. 


Chloride 


Chloride is one of the most common chemical constituents in ground water. 
The most frequent natural source of chloride in ground water is sodium chloride. 


Although water with a high chloride concentration is always found at depth 
in the basin, wells in only a few areas of the basin tap water of high chloride 
.concentration (more than 250 mg/I). These areas are shown in figure 15. 
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Figure 15.--Areas where the chloride concentration of ground water commonly 
tapped by wells is greater than 250 milligrams per liter. 


The total area is considerably smaller than that shown for high sulfate con- 
centration (more than 500 mg/l) (fig. 14). Most ground water having a high 
chloride concentration has come in contact with salt beds in the Cami11us 
and Vernon Shales. The salt beds, which have been dissolved out of these 
rocks where the rocks crop out, occur only at depth south of the dashed line 
in figure 15 (Kreidler, 1957). Salt beds are at depths of only about 300 
feet below the land surface near Seneca Falls, where they are probably well 
within the zone of ground-water circulation, but beneath hills and in the 
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valleys to the south they are considerably deeper. In general, there are no 
sources of chloride at shallow depth in the area. The highest chloride con- 
centrations in water commonly tapped by wells are in discharge areas where 
water that has circulated deeply is moving upward. 


Although figure 15 shows that most of the water having a high chloride 
concentration is in stream valleys or areas at lower altitudes, great care 
should be taken in using this information. Many of the wells that have been 
developed in the northern part of the area are very nearly tapping a zone of 
high chloride concentration. There seems to be a sharp line of demarcation 
between ground water having a low chloride concentration and that having a 
very high chloride concentration. For example, well 430352N0765857.1 is 67 
feet deep and taps water with a chloride concentration of 49 mg/l. Originally, 
this well was drilled to 97 feet and tapped water with a chloride concentration 
of 3,400 mg/l. Close-by are wells ranging in depth from 210 to 390 feet and 
tapping ground water with chloride concentrations of about 21,000 mg/l. 


There are many other examples throughout the northern part of the West- 
ern Oswego River basin where adjacent wells tap water of vastly different 
chloride concentration because one well is a few feet deeper than the other. 
The reason for the abrupt change in chemical quality is that the freshwater 
is in a thin zone that rests on the more mineralized water (fig. 10). There 
seems to be some seasonal fluctuation of position in the zones of fresh 
ground water and salty ground water. This shows up in some of the public 
water supplies in the northern part of the basin that report a slight in- 
crease in dissolved-solids concentration during the late summer when ground- 
water recharge is at a minimum. 


Although most of this discussion has concerned the northern part of the 
basin, chloride can be a problem in the deeper wells in the large stream 
valleys in the south. All deeper wells in these areas have tapped ground 
water with a high chloride concentration. Undoubtedly, much of the ground 
water discharged to the lakes is also high in chloride because the lakes 
are zones of regional ground-water discharge. 


Iron and Manganese 


Although iron and manganese are not very soluble in water, even very 
small concentrations can cause problems. Dissolved iron oxidizes to the 
ferric state on contact with air and forms a red precipitate of ferric oxide. 
This precipitate can cause staining of plumbing fixtures and laundry. Any 
significant amount of iron in the water can also result in the prolific growth 
of iron bacteria. These bacteria, though not particularly harmful in them- 
selves, cause fibrous, sl imy growths that can clog pipes and emit foul odors. 
Iron concentration of water for domestic use should not exceed 0.3 mg/l if 
objectionable taste and laundry stains are to be avoided. Manganese concen- 
tration of water for domestic use should not exceed about 0.05 mg/l (U.s. 
Public Health Service, 1962, p. 43 and 47). 


No intensive sampling of water for iron concentration was attempted 
during the study. This does not necessarily mean that iron is not a serious 
problem in many parts of the basin. Iron staining reported in the remarks 
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column of table 4 for several wells indicates that the iron concent
ation of 
water from these wells is probably 0.3 mg/l or more. Approximately 25 to 
50 percent of the wells in the basin tap water with an excessive concentra- 
tion of iron. One reason for the lack of an intensive study of iron is 
that, because of the sporadic occurrence of iron (two adjacent wells tapping 
the same aquifer may show vastly different concentrations), enough data to 
improve the present knowledge of its occurrence in the basin probably could 
not be obtained readily. However, several conclusions about the occurrence 
of iron in the basin may be drawn from available data: (1) iron problems 
are more prevalent in wells tapping bedrock than in wells tapping unconsol- 
idated deposits, (2) shallow ground water contains less iron than deeper 
water, and (3) almost all the deeper bedrock wells yield water with excessive 
amounts of iron. 


One encouraging aspect to the occurrence of iron in water is that it 
can readily be removed by treatment. Iron in public supplies can be removed 
by aeration, which precipitates the iron, followed by filtration. Homeowners 
can remove iron with commercial water-softening devices now on the market. 


Sodium 


The principal source of sodium in the basin is sodium chloride. Al- 
though concentration of sodium was determined in less than half the water 
samples analyzed, approximate concentrations may be determined from the con- 
centrations of chloride in table 4. When the chloride concentration is high, 
the sodium concentration is likely to be high also. Because sodium may be 
harmful to persons suffering from cardiac, renal, or circulatory diseases 
(Laubush and McCammon, 1955), persons on a salt-restricted or low-sodium diet 
should have their water analyzed for sodium concentration if they have any 
reason to suspect its chemical quality. In particular, high sodium concen- 
tration should be suspected in water from most wells in the northern part 
of the basin and in any water that has been artificially softened. 


Nitrate 


Nitrate is usually derived from decayed organic matter and fertilizer. 
As shown in table 4, the maximum nitrate concentration of water from wells 
sampled in the basin was 30 mg/lj most nitrate concentrations were less than 
20 mg/l. Highest concentrations are in the shallower wells. These data 
indicate that there is no extensive gross pollution of the ground water in 
the basin. 


Comparison of nitrate concentrations of the ground-water samples (table 
4) with those of overland flow (table 1) is of interest. The maximum nitrate 
concentration of the ground-water samples is 30 mg/l and of the overland-flow 
samples is 64 mg/l. Average nitrate concentration of the overland-flow samples 
is greater than the average nitrate concentration of the ground-water samples, 
which suggests that the nitrate originates close to the land surface. 
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Fluor i de 


Fluoride is a minor chemical constituent of the ground water in the 
Western Oswego River basin. However, it is important in relatively small 
concentrations, and when present in the proper concentration is beneficial 
in preventing tooth decay. For the temperature range in the Western Oswego 
River basin, the u.s. Public Health Service (1962, p. 8) recommends that the 
concentration in drinking water should range from 0.8 to 1.5 mg/I. (The 
acceptable concentration varies with air temperature because temperature 
affects the daily consumption of water.) Continued use of water with greater 
concentrations may cause mottling of the teeth. 


Fluoride is usually found in concentrations of a few tenths of a mg/l 
in the water of the basin, except in water from some of the deeper bedrock 
wells. The highest concentration found in the basin was 2.1 mg/l (well 
424837N0764839. 1), but three other wells had concentrations of 1.6 mg/l, 
slightly above the U.S. Public Health Service recommendation. 


Dissolved Gases 


Although several dissolved gases may occur in water, only two are common 
in the ground water of the Western Oswego River basin and affect its use. 


Hydrogen sulfide (H2S) .--Hydrogen sulfide is widespread in the ground 
water of the basin. Even when present in minute amounts this gas gives a 
"rotten-egg" odor to water, and water containing it is commonly referred to 
as sulfur water. No determinations for hydrogen sulfide were made, but its 
presence is noted in the remarks column of table 4. Hydrogen sulfide may be 
formed by the reduction of sulfate at depth (possible in the presence of meth- 
ane) (Hem, 1959, p. 223). The low sulfate concentration of some water samples 
in the southern part of the basin (lower in many cases than the sulfate con- 
centration of potential ground-water recharge) indicates reduction of sulfate. 


The principal problems caused by hydrogen sulfide are the odor and in- 
creased acidity of the water. Hydrogen sulfide is also toxic and flammable, 
but its concentration in water is usually insufficient to cause problems re- 
lated to these properties. The odor interferes with consumption of water, 
and the acidity causes corrosion of well casings and plumbing systems. Water 
in only one well (430713N0771516.1) listed in table 4 had an extremely strong 
hydrogen sulfide odor. Under certain conditions the odor was noticeable 
several hundred feet away from the well. Hydrogen sulfide can generally be 
removed by aeration of the water. 


Natural gas (methane) .--Natural gas (methane) is odorless and colorless 
but very flammable. This latter property makes water containing the gas 
undesirable for water supplies. The accumulation of natural gas in cellars 
and plumbing systems is a potential fire and explosion hazard. 


Natural gas is common in the Western Oswego River basin, especially in 
the bedrock of the southern part of the basin. In fact, the area around 
Canandaigua Lake was noted in former. times for an abundance of gas and oil 
springs (Herrick, 1949). A few wells from which water samples collected as 
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recently as 1966 contained natural gas are listed in table 4. (See Remarks 
column.) Natural gas may be found in almost any drilled well, so one should 
be careful in identifying the type of gas in the water. Even the odor of a 
minute amount of hydrogen sulfide may cause one to believe that it is the 
only gas in the water. In actuality, natural gas may make up a large propor- 
tion of the gas present. As with hydrogen sulfide, natural gas may be removed 
by aerating the water. 


At What Depth Does Poor-Quality Water Occur? 
An attempt has been made with figures 12, 13, 14, and 15 to define the 
quality of the shallow ground water, the ground water most commonly tapped 
by wells, and the areas where sulfate and chloride are commonly a problem 
in ground water tapped by wells. In the Western Oswego River basin, however, 
the hydrology is complex; for example, bedrock aquifers are overlain by 
unconsolidated aquifers (all with varying permeabilities and ill-defined areal 
extents). Therefore, any maps of chemical quality are certain to have short- 
comings. Another approach to defining the areal variation in chemical quality 
is to map the depth below land surface of the first poor-quality water tapped. 
By poor qual ity it is meant that the water would have one or more of the 
following undesirable characteristics: (1) a dissolved-solids concentration 
of 1,000 mg/l or greater, (2) a sulfate concentration of 500 mg/l or greater, 
and (3) a chloride content of 250 mg/l or greater. 


Figure 16 is a map showing depth below land surface of the first poor- 
quality water tapped. This map is based on all the water-quality data avail- 
able in tables 3 and 4, verbal reports of well owners, and interpolations 
between areas with similar hydrologic and geologic situations. There are 
very little data to support some of the depths shown in the southern part of 
the basin. However, there is enough evidence in some of the deeper valleys 
to provide a fairly accurate picture of the patterns and depths at which the 
poor-quality water will first be found. 


The greatest problem in interpreting the map is in the north, where the 
map is intended to represent the depth below the surface of the more flat- 
lying terrane of any given area. In other words, if a well were drilled on 
top of one of the numerous druml ins in the area, the well could probably be 
drilled somewhat deeper than the depth shown on the map. However, most of 
the wells drilled in this area are not drilled on tops of drumlins, and the 
map is generally valid. ----- 


The striking feature of the map is that this poor-quality water is found 
within 50 feet of the land surface throughout many areas in the northern part 
of the basin. The people in these areas have had to use highly mineral ized 
water, except where extremely shallow wells could be constructed in shallow 
zones of good-quality water. Throughout most of the remainder of this north- 
ern area wells must be less than 100 feet deep to avoid poor-quality water. 


Several apparently anomalous situations may be seen on the map. For 
example, the areas north of Seneca Lake, south of Seneca Lake, and south of 
Cayuga Lake show a greater depth to poor-quality water than might be inferred 
from the geologic and topographic locations. However, these areas are underlain 
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Figure 16.--Depth below land surface of the first 
poor-quality water tapped. 


by thick sequences of unconsolidated materials. Fine-grained layers in the 
deeper parts of these deposits retard the upward movement of highly mineral- 
ized water from the underlying bedrock, and water of good quality circulates 
to greater depths than usual because of high recharge rates. 


One feature that the map does not show, or imply, is whether a well will 
tap an adequate quantity of water if it is restricted to the depths shown. 
Unfortunately, in many of the areas shown in the northern part of the basin, 
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wells have to be dril1ed into the zone of poor-quality water to tap a supply 
adequate for domestic purposes. In many areas north of Cayuga Lake, highly 
mineralized water actually discharges through springs at the land surface 
and cannot be avoided. 
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EFFECTS OF GROUND-WATER DEVELOPMENT ON QUALITY 


Under natural conditions, the ground water in any area is moving from 
points of recharge to points of discharge, along paths that have been fairly 
well stabilized according to the geologic and hydrologic controls. Therefore, 
ground-water quality at any point in the system will remain relatively con- 
stant, with only small yearly fluctuations, unless the system is unbalanced. 
To be sure, there would be some very long-term changes in composition and 
concentration of constituents in the water, as certain minerals are dissolved 
and removed from the rocks. However, such changes will not be noticeable in 
periods of a few months or even years. If the ground-water system is unbal- 
anced, as through the activities of man, flow paths may shift position and 
bring about changes in quality. 


One of the most common ways that man changes the ground-water flow pat- 
tern is by drilling a well and withdrawing ground water. The rate of pumping 
and the quantity of water withdrawn from most domestic and farm wells are so 
low that their effect on the ground-water flow pattern is negligible. With 
large-capacity wells that withdraw hundreds or thousands of gallons per min- 
ute the effect is large. Pumping lowers the ground-water level, or head, 
around the well, and ground water from hundreds or even thousands of feet 
away is induced to flow toward the well. This will have either no effect, a 
detrimental effect, or a beneficial effect on the quality of water withdrawn 
from the well, depending on the hydrologic situation and the rate and duration, 
of pumping. 


In the southern half of the Western Oswego River basin, where the quality 
of most of the available ground water is satisfactory for most uses, and is 
rather uniform, the effect of such well development would probably not be 
particularly important and would go unnoticed. However, in the northern 
half of the basin, where there are large di.fferences in chemical quality over 
short areal and vertical distances, any shift in chemical quality is important. 
Hydrologic situations where water quality might be affected are shown in 
figure 17. The upper two diagrams show a hydrologic situation where there is 
natural discharge of both good- and poor
quality water to a small stream. In 
figure 17A a well has been finished in a zone of good-quality water. Figure 
17B shows the changes in the flow system that might take place after a long 
period of pumping at a high rate. The well has now become the point of dis- 
charge for all the ground water in the area and water that infiltrates the 
ground from the small stream. As the storage of good-quality water is de- 
pleted, poorer quality water is introduced to the well and lowers the overall 
quality of water that Is withdrawn. This is not unusual in the northern part 
of the area, where, as shown in figure 10, a thin zone of good-quality water 
overlies the highly mineralized water. 


Another situation in the northern part of the basin is shown on the other 
two diagrams. The flow system in figure 17C is similar to that in figure 17A, 
the only difference being that the stream receiving the ground-water discharge 
is much larger and carries good-quality water. As the well is pumped and 
ground-water levels around the well are lowered (fig. 17D), the stream becomes 
a significant source of ground-water recharge. The effects of the poor-quality 
water that reaches the well are small. In fact, if the stream has been trans- 
porting water from a distant area that is of a better quality than the local 
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Figure 17.--Diagrams illustrating the effect of well development 
on ground-water qua1ity. 


ground water, the water pumped by the well may actual1y improve with time. 
This type of situation is immensely important in the northern part of the 
basin. Because of the thin zone of good-quality water, it would be a1most 
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impossib1e to deve10p large-capacity wells of acceptab1e quality, if it 
were not for the Barge Canal. The Barge Cana1 transports water that has 
lower dissolved-solids concentration than much of the local ground water 
across the entire northern half of basin. This water is available for in- 
filtration into the more permeable deposits along its route. In fact, the 
large ground.water developments at Newark and Lyons are dependent on the 
recharge supplied by the Barge Canal. 
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SUMMARY 


The Western Oswego River basin consists of about 2,600 square miles 
in central New York St
te. The basin lies in two physiographic regions: 
the Central Lowland and the Appalachian Plateau. The Central Lowland, in 
the northern part of the basin, is a relatively flat area containing numer- 
ous drumlins that rise to heights of 200 to 300 feet above the surrounding 
plain. Southward from the Central LOwland, the Appalachian Plateau rises 
gradually into rolling hills and 
plands divided by broad valleys. The hills 
and the uplands in this province reach a maximum altitude of about 2,100 feet 
in the southern part of the basin. The most striking features of the basin 
are the four large Finger Lakes-
Cayuga, Seneca, Keuka, and Canandaigua--which 
lie in long, deep valleys. 


The geology of the basin generally cQnsists of glacial deposits over- 
lying bedrock of Silurian and Devonian aae. The bedrock consists of shale, 
siltstone, and sandstone, in the southern half of the basin, and limestone, 
dolomite, and gypsiferous shale in the northern half. Salt beds are present 
at depth in the Silurian Camillus Shale. 


The dissolved-solids concentration of precipitation in the area is about 
10 mg/l; sulfate is the predominant constituent. The dissolved-solids con- 
centration of small streams during a period with large quantities of overland 
flow generally ranged from 50 to 300 mg/l. 


Most of the chemical constituents in the ground water are dissolved 
below the ground. Water from the shale, siltstone, and sandstone unit, the 
Onondaga Limestone, and the Lockport Dolomite has a median dissolved-solids 
concentration of less than 500 mg/l. All these formations except Lockport 
Dolomite have calcium bicarbonate type water; this dolomite has calcium 
magnesium bicarbonate type water. Ground water in the Camil1us Shale, 
Vernon Shale, and Silurian carbonate rocks has a median dissolved-solids 
concentration greater than 1,600 mg/l and is calcium sulfate type. 


The dissolved-solid,s concentration of the ground water commonly tapped 
by wells in the southern half of the basin generally ranges from 150 to 500 
mg/l. How
ver, in the area north of the outcrop of the Onondaga Limestone, 
the dissolved-solids concentration generally ranges from 500 to more than 
1,000 mg/l. Highest concentrations were fo
nd in the low-lying areas that 
are points of ground-water discharge. 


Major constituents in the ground water in the northern half of the basin 
are calcium and sulfate. In fact, the sulfate concentration of most of the 
water tapped in this area is 500 mg/l or greater.' In the southern part of 
the basin, sulfate concentration 'is generally much less than 250 mg/l, within 
suggested limits for domestic use. 


In the southern half of the basin, high, chlo
ide concentrations are a 
problem only in deeper wells, especially in the larger valleys. In the north, 
high chloride concentrations are found in the shallow ground water near the 
Seneca River and the Barge Canal. 
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Ground water in the southern half of the basin is generally moderately 
hard (61 to 120 mg/l) to very hard (greater than 180 mg/l). Almost all water 
in the northern half of th
 b
sin is very hard. 


Although highly mineralized water occurs at depth throughout the basin, 
the depth at which the first poor-quality w
ter is tapped is more than 300 
feet in the southern half of the basin, except in some of the valley areas 
where it may occur at depths as shallow as 100 fe
t. However, in the 
northern part of the basin, poor.quality water is found in many areas at 
depths of less than 50 feet, and ijlmost everywhere within 100 feet of the 
surface. 


The development of large-capacity wells in the northern part of the 
basin is likely to result in a deterioration of the chemical quality of water 
pumped, except in those areas 
djacent to the Barge Canal, where higher quality 
water may be induced to replace that pumped. 
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Cheml ca I 
const I tuents 
and 
propert 1 es 
D I sso I ved 
sol Ids 


Iron 
(Fe) 


Manganese 
(Mn) 


SI I ica 
(SI0 2 ) 


Calcium 
(Ca) 


Magnes I um 
(Mg) 


Sod I um 
(Na) 
and 
Pota ss I um 
(K) 


Bicarbonate 
(HCOs) 


Su Ifa te 
(504) 


Chloride 
(CI) 


Fluoride 
(F) 


Nitrate 
(NOs) 


Hardness 
(as CaCOs) 


Table 2.-- Chemical constituents dissolved-solids concentration and hardness of round water In the 
Wes tern OsweQo River bas I n an the ire feet on the \.Isab i II tv 0 the water 


So\.l rce s 


All mineraI s making up 
the rocks found I n the 
basin. 


I ron-bearing mineraI s 
present I n most rocks. 


Manganese-beari ng 
minerals (not abundant 
In basin). 
Silicate minerals present 
I n a II bed rock format Ions 
In the basin. 


limestone, dolomite, and 
gypsum. Calcl te (CaCOs) 
also found as a cementing 
agent I n other bedrock 
unl ts. 
limestone and dolomite 


Connate water, sal t 
deposl ts, manmade 
contamination. 


Reac t i on of ca rbon 
dioxide and water on 
carbonate rocks. 


Gypsum and other sulfate 
minerals. Oxidation of 
sulfide minerals. 


Connate water, sa I t 
depos Its, manmade 
contamination. 


Minute amounts In 
various mineral s. 


Decayed organic matter, 
fertilizer. 


Minerals containing 
alkal I earths 
(principally calcium 
and magnes I um) . 


(ml 


;m,,:
d=:r I :7


) 1I 
con

::
lon Y Industrial uses J/ 


500 
(1,000 I f better 
supplies not available) 


.3 


.05 


(See rema rks) 


250 
(higher if better 
supplies are not 
available) 
250 


.8-1.5 
(depend i ng upon a I r 
temperature) 


45 


50-3,000 
(boi ler feed) 
850 
(cann I ng and food 
processing) 


.5 
(cooling) 
.2 
(cann I ng and food 
process i ng) 


varies with industry 


1-40 
(boiler feed) 


20 
(sugar refining) 


10 
(sugar refining) 
50 
(bo! ler feed) 


0-50 
(boiler feed) 
100 
(sugar refining) 


20-250 
(for various processes) 


30 
(dairy Industry) 
20 
(sugar ref I n I ng) 
75-200 
(paper makl ng) 
1.0 
(food process I ng) 


2-80 
(boi ler feed) 
10-250 
(food process I ng) 
100-200 
(paper making) 


Ir

;;t


 II 
700-2,100 
(I rrigatlon) 
2,860 
(pou I try) 
7,150 
Idal r v catt Ie) 


.5 
(various plants) 


2,000 
(I I vestock) 


500- I, 000 
(II ves tock) 
200-960 
( I r r i ga t I on) 
100-1,500 
(I rrlgatiQn) 
1,500 
(1 i vestock) 


1.0 
( lives tock) 


(see remarks) 


Remarks!il 
An indication of the total quantity of 
chemical constituents in the water. 
However, actual I Imitations on the use 
of the water depends to a large degree 
on the concentrations of specific 
chemical constl tuents. 
More than 0.3 mg/l In water Is objec- 
tionable. Tends to stain porcelain, 
utensi Is, and laundry. Favors growth 
of iron bacteria, which may clog water 
system (Hem, 1959). 


Causes ob,ectlonable deposits on 
porce I a I n, utens I I s, and 1 aundry. 


Deposited from heated water as a hard 
scale in pipes and boi lers. Because of 
generally low sol ubi Ii ty, It usually 
does not occur I n large enough concen- 
trations to have an effect on human 
consump t I on. 
These two chemical constituents cause 
most of the hardness and scale - forming 
properties of water. Salts of magnesium 
present In water may also have a 
laxative effect. 


Sodium In drinking water may be harmful 
to persons suffering from cardiac, renal, 
and cl rculatory diseases (Laubush and 
McCanmon, 1955). Causes foaming In 
boilers. In high concentrations sodium 
Is toxic to plants and deleterious to 
sol I condi tlons. 
Decomposes when heated, caus I ng sca Ie 
and releasing corrosive carbpn dioxide 
gas. Has an adverse effect on I rrl ga- 
t I 0" waters. 


In higher concentrations sulfate has a 
laxative effect, particularly in the 
presence of magnes I Um. 


Concentrations over 250 mg/l may taste 
salty to many people. Causes water to 
be more corrosl ve to metal. DetrI- 
mental to the growth of many plants. 


Presence of about 1.0 mg/l Is beneficial 
In preventing tooth decay. Much larger 
quantities of fluoride In water may 
cause mottling of the enamel of the 
tee th . 
Concentrations over 45 mg/l may be toxic 
to Infants. High concentrations may be 
Injurious to livestock. High concen- 
trations often Indicate nollutlon. 
Reacts with soap to form an insoluble 
cu rd resu I t I ng I nine rea sed soap 
consumption. Causes formation of scale 
In boilers, hot-water heaters, and 
ut!!nslls. 


J./ These limits are presented only for general Information. Any water of queulonable quality for Its 
intended use should be thoroughly Investigated to determine its suitability. Also, the fact that 
no limits are given for certain constituents should not be Interpreted to mean that they are harm- 
less, but rather that data are Inconclusive or are not readily available. 
2/ U.S. Publ Ie Health Service, 1962. 
11 McKee and Wolf, 1963. 
!il Based partly on Rainwater and Thatcher, 1960. 
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